Introduction
Part of the previous lab included short excerpts on 3 P's of science. In a nutshell the three P's are problem posing, problem solving, and persuasion. These three phases of science are true of all the sciences (but in different ways). In a lab it is relatively easy to do essential aspects of problem solving and persuasion, problem posing is another matter. To pose interesting problems to solve and to pursue requires having some background knowledge of the subject. With background knowledge on a topic of research, you can begin to raise some interesting problems to be posed for future research. The way that we will try to do this here is to simulate the process of science.
A fruitful research program in any area of psychobiology (e.g., developmental, physiological, comparative) is one that not only answers questions posed by the researchers but generates new problems for further research. Thus, in asking the question about whether "parental handling" in different inbred strains of mice is genetically determined you found that the question is more complex than just genetic determinism. Making identical (or nearly so) many aspects of an organism's environment does not guarantee that all aspect of development are the same throughout an organism's lifespan. First, recall the notion of an organism's Umwelt (pronounced oomvelt), which is not merely those aspects of the environment an organism perceives and reacts to but can actively alter, assemble, transduce, and/or modulate. Before we can say that two organisms have essentially the same Umwelt we must understand what constitutes an organism's Umwelt.
Second, the problem of identifying the Umwelt of an organism is complicated during development by the fact that when developing, an organism actively goes through a sequence of Umwelten (plural in German for Umwelt), their ontogenetic niche. Changes at one stage of development and Umwelt can greatly alter the Umwelt at the next stage and the behavioral development of the organism (e.g., think about the genetic disease PKU and the alternative Umwelten of children treated and not treated). Recall the development of Laughing gull chicks. If they are exposed to the croon calls of their parents just before they hatch they increase their peeping (which modulates the croon calls of their parents increasing their calls), and in the next Umwelt (after hatching) they approach their parent upon hearing croon calls, peck at their peak, and the parents regurgitate food for them. If they do not hear croon calls (e.g., if they are incubated in isolation), then in the next Umwelt, the chick cower and hide when they hear croon calls.
Similar points can be made about mice. We can hold nearly the same (or randomize) various aspects of the environment for different strains of inbred mice (e.g., C57 and BALB) mice, such as food, temperature, humidity, light-dark cycle, caging, handling by animal care technicians etc. But, different strains of mouse pups have parents of the same strain and so differ in their pre-and postnatal Umwelten in this respect. As we have seen, one way to handle this kind of problem is with cross-fostering studies. Pups of each strain are raised by parents of both strains. Crossfostering studies (in inbred organisms) can show that there are gene-developmental correlations by the time the behavior is measured (e.g., Pup-strain and Parent-strain effects of handling), but it does not tell us at what stages and in what Umwelten these correlations emerged. They may have emerged in the postnatal environment of the pups, but they could have emerged at earlier stages and in earlier Umwelten. Prenatal Umwelten are possible sources, but so is birth, itself a Umwelt, especially in mammals in which an organism goes through a wide variety of new stimuli, including contractions just before birth, cooling from the ambient environment, the transition to breathing air, nursing, the mother licking and grooming new born offspring. In rats, failure to go through all or some of this transitional birth Umwelt can radically alter behavior resulting in pups with greatly reduced and altered activity and which have difficulty in nipple attachment, essential for nursing.
By finding significant effects of strain in both parents and pups, this suggests that some aspect of development and the ontogenetic niche of the developing pups was different across strains. This may lead you to pose two kinds of problems. First, you might be interested in discovering when during development do these effects emerge (Note: that this is not a simple question since they may arise in a succession of developmental stages and Umwelten). To address this kind of problem you might want to pose "cross-fostering" experiments at earlier stages of development, such as transplanting ovaries across and within strains (within strains to control for the effects of transplantation). This is not the problem posing direction we will take. Second, you might be interested in whether the effects detected in the postnatal Umwelt (they could have emerged earlier) of the pups, have consequences for later stages of development and Umwelten. This is the problem we will further pursue in this lab. This is typically how viable research programs develop in psychobiology. Each stage of research generates new problems, and depending on the researchers interests and resources to perform the research (e.g., funds and equipment, but also the expertise to do the research, and his/her scientific perspective-recall from the fruit fly-granite diagram in lecture that depending on your scientific perspective, you can look at a biological system in radically different ways), a particular set of problems will be followed up. If the research program is fruitful, it will continue to generate new and interesting problems to be solved.
There really is no other way to proceed in psychobiology. Researchers address sets of problems that emerge from their research programs and then attempt to tie them together in a coherent view about behavior or behavioral development. This contrasts sharply with say aspects of theoretical physics in which problems are first posed by theory (i.e., by mathematical analysis and deduction) and then tested. In psychobiology we have theories, but our problems are not derived directly from some overarching theory. Problems are generated primarily during the process of research and the answers we get to these problems are gradually tied together into theory (later theoretical principles may be formulated from which further problems are posed).
The Lab: Genotype-Correlated Parental Influences In Two Strains of Mice
The study you will be performing aims to determine whether the postnatal genotype-correlated effects you discovered in the previous lab contribute to differences between the two strains at later stages of development (the simulated experiments you will be performing are based on real experiments with these strains of mice by Robert H. Ressler in the early 1960s: 1962, 1963, 1966) . From our perspective, we would like to know whether different ontogenetic niches have subsequent influences on later organism-Umwelt interactions. Ressler did not pose the problem in these terms, but his experiments effectively addressed just this question. Here we will primarily examine differences in manipulation and visualization of 60-day old mice in a specially designed testing unit.
When you write up your lab, incorporate this new study as a second experiment and add the parts required below to that report.
Animals
The animals used in these experiments are 160 C57 and 160 BALB mice (80 for each of the four conditions). Half are males and half females. They are 60-days of age at the time of testing. They are maintained in standard laboratory conditions as described in the previous lab. And they were raised up to weaning (day 21) according to the cross fostering scheme shown and discussed in Lab 1. After weaning, the mice were placed into individual cages, where they lived until testing at day 60. Note that these mice were not tested for handling time (as in Lab 1). In addition, the number of mice in each litter at birth was compared to the number that survived to weaning. Thus, we can test for differences in survival rate, and see how this relates to the handling data we found in Lab 1.
Apparatus
Four identical testing units will be used for animals in each group. During use, each testing unit consists of a dark and sound-insulated box to control both light and sound. If a mouse exerts pressure on a wire-mesh door at one end of the 2 x 6 x 1.25 inch testing compartment, a microswitch is closed, and activates the recording of the response. (The microswitch is outside of the enclosed box, so that the sound will not disturb the mouse being tested.) The position of a toggle switch on the control apparatus determined whether a response either (a) produced no response (i.e., the box remained totally dark), or (b) produced 1 second of illumination from a 7 watt light bulb). In the latter case, continued pressure on the door did not extend the period of illumination -the door had to be released and pressed again in order to produce another second of illumination. Thus, with this simple apparatus we can separate out the rate at which they press the wire-mesh door from the rate at which they illuminate their environment.
Manipulation in the testing unit is just the number of times a mouse presses the door in 15 minutes (Trial 1). Visualization is the number of times the mouse presses the door and illuminates the testing unit minus the number of presses not producing illumination. In other words, a mouse is tested for 15 minutes with the illumination switch off (Trial 1) and 15 minutes with it on (Trial 2).
Procedure
See Lab 1 for detail on the cross fostering scheme.
Testing: At 60 days of age animals are removed from their cages and placed inside one of the four testing apparatuses for a total of 30 minutes. One male and one female will be drawn from each litter for testing. The illumination switch is turned off for 15 minutes (Trial 1) and then turned on for the next 15 minutes (Trial 2). Visual Exploration: Number of door presses in the latter 15 minutes (with illumination) minus the manipulation score.
Statistical Analysis
You will again be using Statistica and analysis of variance (ANOVA) to analyze your results, except this time you will not do repeated measures ANOVA. You will use a 2 x 2 factorial design, which means you will be comparing 2 sets of factors. The first factor is the foster parental strain (Same, Cross) and the second is pup strain (C, B) .
What you need to do
Step 1: Run double click the "run mouse simulations" file and open the "model" tab as in Figure  1 . Change "N_per_treatement" to 80, since that is the number of mice tested in each of the four conditions as illustrated in Figure 2 . Be sure to check "saveDataToFile" before you run the simulation. You can speed up the simulation by sliding the "delay" bar. Step 2: Open the "data" file in Excel. We have a lot of editing to do to get the data ready for statistical analysis. The first thing we will do is create the "visualization" data for this study by subtracting the manipulation data "Man" from the raw visualization data "vis" and copy down the 320 data rows as illustrated in Figure 3 . Step 3: Next let's create the parental condition for this analysis. Insert a new column in front of the condition column as illustrated in Figure 4 . In row 1 type in "Parents" and for all rows with "BB" and "CC" type in "Same" as illustrated in Figure 5 . For all rows under parents next to "CB" and "BC" type in "Cross". Finally, change "Condition" to "Pups" as illustrated in Figure  5 . Step 4: Finally, we must change "BB" and "BC" to "B" and change "CC" and "CB" to "C" as illustrated in Figure 6 . Step 6: From the "Statistics" menus, find the "General Linear Model" and as in Lab 1, choose "Factorial ANOVA" as illustrated in Figure 8 . Figure 8 . General Linear Models dialog box with "Factorial ANOVA" selected.
Step 7: Click "OK" and the dialog box in Figure 9 will appear. Click on "Variables" and the dialog box in Figure 10 will appear. Choose "Visualization" for the dependent variable and "Parents" and "Pups" for the categorical variables (Figure 10) . Step 8: Click "OK" and the dialog box in Figure 11 will appear. Now choose "Factor Codes" in Figure 9 . Click "All" for both "Parents" and "Pups" in Figure 11 . Click "OK" and then "OK" again and your analysis will appear as in Figure 12.   Figure 11 . Factor codes selection. Note that in your window, you will see "Parents: Same-Cross". Step 9: When you click on "All effects/Graphs" circled in red in Figure 12 , your 2 × 2 Factorial ANOVA table will appear with the "Parents" effect, "Pups" effect, and "Parents × Pups" interaction.
Results
Again refers to Write Up for writing up the results for this lab.
